Preparation and kinetic properties of 5-ethylphenazine-glucose-dehydrogenase-NAD+ conjugate, a semisynthetic glucose oxidase.
5-Ethylphenazine-glucose-dehydrogenase-NAD+ conjugate (EP(+)-GlcDH-NAD+) was prepared by linking both poly(ethylene glycol)-bound 5-ethylphenazine and poly(ethylene glycol)-bound NAD+ to glucose dehydrogenase. The average number of the ethylphenazine moieties bound/enzyme subunit was 0.8, and that of the NAD+ moieties was 1.2. This conjugate is a semisynthetic enzyme having glucose oxidase activity using oxygen or 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide (MTT) as an electron acceptor. When the concentration of oxygen or MTT is varied, the oxidase activity fits the Michaelis-Menten equation with the following values of the kinetic constants: for the system with oxygen, the turnover number per subunit is 0.40 s-1 and Km for oxygen is 1.57 mM; and for the system with MTT, the turnover number is 0.11 s-1 and Km for MTT is 0.072 mM. The catalytic cycle of the semisynthetic oxidase has two catalytic steps: reduction of the NAD+ moiety by the active site of the glucose dehydrogenase moiety and oxidation of the NADH moiety by another catalytic site of the ethylphenazine moiety. The apparent intramolecular rate constants of these steps were estimated, and the values are as follows: 0.39 s-1 for the reductions of the NAD+ moiety, 2.2 s-1 and 0.12 s-1 for the oxidation of the NADH moiety in the systems with oxygen and with MTT, respectively, and 3.2 s-1 and 0.18 s-1 for the reduction of the ethylphenazine moiety in the systems with oxygen and with MTT, respectively. On the bases of these results, the following three rate-acceleration mechanisms of the semisynthetic glucose oxidase are discussed: high effective concentration, intramolecular coupling of successive catalytic reactions, and multiple connection between the two kinds of the catalytic sites.